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SUMMARY

Waste from Hanford underground storage Tank 241-AN-107 is a candidate low-activity waste 
(LAW) for Envelope C.  Envelope C wastes require pretreatment to remove entrained solids, 
radioactive strontium, transuranics, radioactive cesium, and technetium before immobilization.
The initial baseline pretreatment process includes plans for entrained solids removal by 
crossflow filtration, Sr/TRU precipitation with added strontium and iron, and Sr/TRU 
precipitate removal by crossflow filtration.  However, studies have shown that entrained solids 
and the Sr/Fe precipitates were very difficult to filter from candidate Envelope C waste.  An 
alternative pretreatment process being developed uses permanganate instead of iron.
Permanganate treatment has been shown to be effective for decontaminating waste from 
Hanford Tank SY-101.

Small-scale experiments with archived AN-107 waste were conducted by Battelle to determine 
the effectiveness of the permanganate treatment process.  These tests were conducted in three 
rounds of experiments.  The early tests showed that permanganate treatment alone would 
provide adequate TRU removal, however, it would not provide adequate Sr removal.  The 
second set of experiments showed the preferred Sr/TRU removal process involved addition of 
strontium and permanganate.  Because the composition of the archived waste had been altered 
by past pretreatment tests (diluted and removal of cesium and settled solids), the final set of 
experiments included tests with actual AN-107 diluted feed.  These tests identified conditions 
that should provide adequate Sr/TRU decontamination.

The work reported here was conducted to evaluate process conditions with two, 1-L batches of 
archived AN-107, which provided a volume of waste large enough for crossflow filtration 
studies.  One, 1-L sample of archived waste was adjusted to 1M hydroxide and used for 
entrained solids removal tests.  Following this test, Sr/TRU removal was accomplished by 
addition of a strontium nitrate solution followed by sodium permanganate solution.  The 
resulting precipitate was used for crossflow filtration tests to demonstrate the performance of a 
0.1-um filter element.

Even though many of the entrained solids were removed from the archived AN-107 sample by 
previous pretreatment testing (settle/decant and deep bed filtration from the ion exchange 
column), crossflow filtration was found to be impractical to remove the remaining solids due to 
very low filtrate flux rates (0.0079 gpm/ft2).  Therefore, AN-107 waste was treated for Sr/TRU 
removal with the entrained solids present.  The entrained solids were then removed along with 
the Sr/TRU precipitate, in a single filtration step.  Crossflow filtration tests were conducted in 
the Cell Unit Filter (CUF) system with the Sr/TRU precipitated waste.  The filterability of 
archived AN-107, as determined by filter flux rate, increased by an order of magnitude after the 
pretreatment process (average of 0.11 gpm/ft2).  The pretreated waste could be effectively 
filtered by crossflow filtration.

Results were obtained from experiments with archived AN-107 samples treated at two different 
target reagent concentrations, 1M hydroxide, 0.075M strontium, and 0.05M permanganate, and 
0.8M hydroxide, 0.05M strontium, and 0.03M permanganate.  Approximately 1-L of archived 
AN-107 were treated in each experiment.  Decontamination of strontium-90 and TRU (primarily 
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Am-241) in the supernatant was greater than needed to meet the immobilized low-activity waste 
(ILAW) requirements (less than 100 nCi/g TRU and less than 20 Ci/m3 Sr-90 in the final 
ILAW). The target DFs were 10 for Sr-90 and 5 for Am-241.  The stronium-90 decontamination 
factors (DFs) obtained were consistently greater than 20 and the Am-241 DF was 10 and 
greater.  Removal of Eu isotopes 154 and 155 was slightly less than the Am DFs.  These DFs 
include the contribution from the removal of the entrained solids although this was relatively 
small.  The removal of the entrained solids accounted for very little Sr-90 removal and about 
10% of the DF for Am-241 because the archived waste samples had most of the solids already 
removed.
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1.1

1.0 INTRODUCTION

BNFL Inc. was awarded the Privatization Contract for treatment of Hanford underground 
storage tank wastes as part of the River Protection Project-Waste Treatment Plant (RPP-WTP).
In Part B-1, Battelle is conducting technology development and demonstration of process 
flowsheet steps for BNFL.  Entrained solids removal by crossflow filtration is the first proposed 
process step in pretreatment.  Filtration should remove sufficient solids to prevent plugging of 
the ion exchange columns downstream and to ensure that insoluble radioactive strontium and 
transuranic isotopes (TRU) are removed.  These solids are then to be concentrated and returned 
to the U.S. Department of Energy (DOE).  The RPP-WTP Privatization Contract (2000) 
specifies certain isotopic, chemical, and physical limits for the entrained solids returning to the 
DOE double-shell tanks. 

Three candidate low-activity waste types have been identified: Envelope A, Envelope B, and 
Envelope C.  Treatment and disposal of the liquid (supernatant) fraction of Envelope C wastes, 
such as Tank 241-AN-107, requires additional treatment to remove transuranics and radioactive 
strontium.  Because of the high concentration of organic complexants in this waste (Complexant 
Concentrate waste), conventional separation processes (e.g., ion exchange) are not effective.

During Part A-1 of privatization, Savannah River Technical Center (SRTC) developed a Sr/TRU 
removal process involving isotopic dilution and precipitation with added strontium and iron 
(SRTC 1997a, 1997b, 1997c, and 1997d).  While this treatment process provided the necessary 
supernatant decontamination, the resulting precipitate could not be filtered.  The search began 
for an alternate treatment process.  Battelle proposed permanganate be examined as an 
alternative, because it had been demonstrated to work with waste from Hanford Tank SY-101,
which also contained high levels of organic complexants (Orth et al. 1995).

Permanganate has been examined as an oxidant for complexing agents (Orth et al. 1995), 
solubilizing chromium (Rapko et al. 1995, Rapko 1998), and oxidation of technetium species to 
pertechnetate (Schroeder et. al 1998) in tank wastes.  Permanganate was found to oxidize 
chromium first, then organic carbon, and lastly nitrite.  For wastes such as Tank SY-101, the 
chromium in the sludge consumes as much as half the permanganate.  Orth et al. recommended 
permanganate doses of 0.1M for decomplexing SY-101 type wastes.  At this level of 
permanganate, decontamination factors (DF) of > 143 were obtained for Sr and 28.5 for Pu.
AN-107 does not have the high chromium values in the sludge so permanganate is expected to 
be effective at lower concentrations. 

Permanganate is also used as a precursor to MnO2 and/or Mn(OH)2 coprecipitants via the 
�Method of Appearing Reagents� (Krot et al. 1996).  The method of appearing reagents requires 
the addition of a reductant to the waste to be treated.  However, for Hanford wastes this is not 
necessary because reductants are already present in the waste.  The resulting solids are effective 
coprecipitants for Pu and other TRU elements but generally not as effective as iron precipitates.
Decontamination factors of greater 100 have been reported for various simulated waste streams.

The objective of this work was to demonstrate the entrained solids and Sr/TRU removal 
processes with archived AN-107 waste before proceeding with the integrated processing of AN-
107 diluted feed.  Similar to entrained solids removal tests for AW-101 (Brooks et. al 1999), tests 
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were planned to determine the permeability of an Envelope C feed through a single element 
filter as a function of transmembrane pressure, axial velocity, solids concentration, and time.
The archived AN-107 waste was used to demonstrate the treatment scheme for Sr/TRU 
removal developed from small-scale tests conducted at Battelle with waste simulants and actual 
waste involving strontium and permanganate addition.  Supernatant decontamination data were 
obtained from two treatment levels; 0.075M Sr and 0.05M permanganate, and 0.05M Sr and 
0.03M permanganate.  Crossflow filtration tests were conducted with waste treated with 0.075M 
Sr and 0.05M permanganate to determine the efficiency for Sr/TRU solids removal.  In addition, 
the efficiency of back pulse and chemical cleaning on the filter performance was evaluated.  The 
chemical and radiochemical composition of the supernatant and filtrates were measured to 
determine efficiency of the Sr/TRU removal process.

This report contains the results of entrained solids removal, Sr/TRU decontamination, and 
Sr/TRU solids removal testing conducted at Battelle with archived AN-107 waste.  Test 
conditions and experimental procedures are described in Section 2.0.  Results from entrained 
solids removal and treatment with added Sr and permanganate are described in Section 3.0.  The 
major conclusion and recommendations that evolved from this work are given in Section 4.0.
The appendices contain the test instruction, data sheets, logbook entries, analytical data, 
calculation, and staff role/responsibilities for this work. 
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2.0 TEST CONDITIONS AND EXPERIMENTAL PROCEDURES

The conditions for conducting the entrained solids and Sr/TRU removal tests were detailed in 
Sr/TRU Precipitation and Ultrafiltration Test Specification (Townson 1998) issued by BNFL.
The Test Specification was used to prepare a Test Plan (TP 29953-013) that described the 
general requirements for the Sr/TRU removal tests to be conducted at Battelle.  The actual test 
was conducted in accordance with Test Instruction-29953-041, which was specific to the 
Sr/TRU Removal test described in this report for archived AN-107. Deviations from the test 
instructions were necessary.  The additional Sr/TRU precipitation experiment was conducted in 
accordance with Test Instruction-29953-063.

2.1 Description of Archived AN-107 Sample

The archived AN-107 material used for this test was collected, diluted, settled solids removed, 
and cesium ion exchanged prior to its use for the BNFL project (Hendrickson 1997).  It was 
collected as 45 grab samples in 125-mL bottles taken during January 1997. Approximately 5.4 
liters of tank waste was then transferred to 222-S laboratory and 0.53M sodium hydroxide was 
added to dilute the waste to 5M sodium and to a free hydroxide concentration of 0.24M.  The 
supernatant was not filtered prior to cesium ion exchange.  Instead, the solids were allowed to 
settle and the supernatant was decanted and sent through the crystalline silicotitanate loaded 
columns.  Analysis of the waste after cesium removal indicated the free hydroxide to be 0.126M.
Following cesium removal the sample was transferred to PNNL in five 1-L poly bottles where it 
has been stored in the Shielded Analytical Laboratory (SAL) hot cells in the Radiochemical 
Processing Laboratory (RPL).

In June 1999, one liter of this archive AN-107 (1242.62 g) was adjusted with NaOH pellets to 
achieve a target concentration of 1M free hydroxide.  This material was then transferred to the 
High-Level Radiochemistry Facility (HLRF) hot cells and placed into the CUF system for 
entrained solids removal testing.

2.2 Crossflow Filtration

The River Protection Project Waste Treatment Plant (RPP-WTP) (1996) flowsheet uses cross-
flow filtration as the solid/liquid separation technique.  Unlike traditional dead-end filtration, 
which has a declining filtration rate caused by the growth of a filter cake on the surface of the 
filter medium, in cross-flow filtration, the filter cake is swept away by the fluid flowing across it.
This filtration method is especially beneficial when there are very fine particles and when system 
simplicity is required.

One of the applications of crossflow filtration is to remove the entrained solids from the waste.
The filtration should remove sufficient solids to prevent plugging of the ion exchange column 
downstream and to ensure that insoluble Sr-90 and transuranic isotopes are removed.  Another 
application of crossflow filtration for Envelope C wastes is to remove the Sr/TRU precipitate
from the treated supernatant.  The proposed flowsheet for Envelope C waste shows two 
sequential solids removal steps: First removal of the entrained solids, then Sr/TRU solids 
removal after Sr and permanganate treatment.
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Crossflow filtration tests were conducted in the HLRF hot cells with the Cell Unit Filter (CUF) 
system.  The CUF had the following specifications:

• Mott sintered stainless steel filter, 0.1 micron rating, 24 in. long and 3/8 in. internal 
diameter (total area 0.196 ft2)

• Re-circulation flow with a maximum linear crossflow velocity of 16.4 ft/s along the axis 
of the filter

• Maximum transmembrane pressures of 80 psi

• Temperature control of 25 + 5°C during operation.

The system was fabricated based on modifications of the CUF system designed by SRTC.  It is 
described in detail in Brooks et al. (1999).  Unlike that used for the AW-101 testing, the filter 
used in this work was a Mott 0.1 µm-rated filter designed specifically for liquid service.
Conditions for filtration tests were specified in Test Instruction 29953-041, Appendix A.

2.3 Sr/TRU Removal Conditions

Supernatant from Envelope C waste contains Sr-90 and TRU levels that are too high to meet 
immobilized low-activity waste (ILAW) requirements.  The BNFL targets for ILAW are less 
than 100 nCi/g TRU and less than 20 Ci/m3 Sr-90 in the final ILAW.  For AN-107 waste, this 
translates to target decontamination factors (DF) of approximately 10 for strontium (90% 
removal) and 5 for TRU (80% removal).  Since over 90% of the TRU in AN-107 is due to Am-
241, a decontamination factor of 5 was established for Am-241.

Experimental conditions for Sr/TRU removal were determined based on results from small-
scale batch experiments with archived AN-107 waste (Hallen et al. 2000).  The hydroxide 
concentration was increased by the addition of sodium hydroxide as solid pellets or 19M (50 
wt%) solution.  Strontium nitrate and sodium permanganate were added as 1M solutions.  The 
results from the small-scale experiments suggested that adequate Sr/TRU removal could be 
obtained at a hydroxide concentration as low as 0.5M and reagent concentrations as low as 
0.05M strontium and 0.03M permanganate for the archived AN-107 sample.  But conservative 
conditions were chosen for the filtration tests, 1M hydroxide and reagent concentrations of 
0.075M for strontium and 0.05M for permanganate, because the AN-107 diluted feed was more 
concentrated and contained more entrained solids than the archived waste.  As part of an effort 
to prepare feed for sulfate removal tests, a later Sr/TRU removal experiment was conducted 
with archived AN-107 adjusted to 0.8M hydroxide and reagent concentrations of 0.05M
strontium and 0.03M permanganate.  This later sample was not tested in the CUF.  Target 
compositions and volumes are shown in Table 2.1 for both experiments
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Table 2.1.  Sr/TRU Target Concentrations and Volume for the Two Experiments Conducted 
with Archived AN-107

High
Conc.

Target
Concentration

(M)

Target
Volume

(L)

Low
Conc.

Target
Concentration

(M)

Target
Volume

(L)
initial waste - 0.82 initial waste - 1.00
NaOH 1 0.88 NaOH 0.8 1.05
Sr(NO3)2 0.075 0.95 Sr(NO3)2 0.05 1.11
NaMnO4 0.05 1.00 NaMnO4 0.03 1.14

2.4 Experimental

All Sr/TRU and solids removal tests were performed in shielded process cells located in the 
RPL at Hanford.  The CUF system, located in the HLRF, was used for entrained solids and 
Sr/TRU precipitate removal tests.  Test Instruction 29953-041, Appendix A, was used to 
conduct the entrained solids removal test, Sr/TRU removal at high reagent concentration, and 
Sr/TRU solids removal test.  These tests were conducted from July 16 to July 28, 1999.  The 
flowsheet describing these tests is shown in Figure 2.1.

Efforts were made prior to beginning this testing to ensure that clean water fluxes equal to or 
greater than the original factory specification were achieved.  To do this, the pump and filter 
were changed out and remaining particulates were removed from the CUF by recirculating a 
side-stream through a 0.05 µm-rated cartridge filter.  The clean water flux was then measured 
over the course of one hour.  During this time, the average filtrate flux was 0.98 gpm/ft2 at 20-
psi pressure differential and an axial velocity of 11.6 ft/s.  The clean water flux did not decline
during this time.  Following the hour long testing at 20 psid, the filter was tested at 10 and 30 
psid for 20 minutes each.  The filtrate flux remained relatively constant at 0.395 and 1.41 
gpm/ft2, respectively.  These values were above the Mott reported values of 0.37 gpm/ft2 for 10 
psid and 0.72 gpm/ft2 for 20 psid.  The deionized water was drained from the system.  It is 
estimated that approximately 100 mL of deionized water remained in the CUF after draining.
This residual water diluted the archived AN-107 sample by roughly 10%.

The entrained solids were tested in the CUF under two conditions rather than the original 6 
point matrix due to low filtrate fluxes.  If the filtrate flow were less than 10 mL/min during the 
test, BNFL had specified that the test should be discontinued, the filter should be backpulsed, 
and a new condition should be tested.  By stopping the test prematurely, unnecessary data would 
not be taken and further filter fouling would be prevented.  The test conditions studied are
shown in Table 2.2.  When the flux was found to be very low for the first condition, two 
backpulses were attempted.  Because of the low filtrate flux, only a small quantity of material 
could be collected in the backpulse chamber and two short backpulses were performed.  A 
higher pressure was then tested to see if an increased flux were possible.  Once again, the filtrate 
flux was excessively low and the test was discontinued.  The entrained solids and filtrate were 
drained from the CUF and placed back into the original container.  Samples were taken during 
the entrained solids removal test but were not analyzed.
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Figure 2.1.  Flow Chart of Archive AN-107

Table 2.2.  Test Conditions Studied for Entrained Solids Removal from Archived AN-107

Condition Crossflow Velocity 
(ft/s)

Transmembrane Pressure 
(psi)

1 12.2 55
3 9.3 70

Drain CUF
1163 g

75 mL 1 M Sr(NO3)2

50 mL 1 M NaMnO4

*

*
Add to CUF

1180 g

Drain CUF
1163 g

* Samples of filtrate or slurry were taken.

Heat and Stir
4 hours @ 50°C

38 g NaOH

Acid Wash
1 M HNO3/0.2 M Citric

Water Clean
External 0.05 mm filter

6 point Sr/TRU Matrix*
6.5 - 12.2 ft/
30 - 70 psi

Entrained Solids Matrix*
50, 70 psi

Water Clean
External 0.05 mm filter

Archive AN-107
1243 g

Clean Water Flux
20, 10, 30 psi

Sample Treatment CUF Operation

Clean Water Flux
20, 10, 30 psi

Clean Water Flux
20, 10, 30 psi
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The CUF was drained, rinsed once with 0.2M NaOH, and then rinsed and the filter backpulsed 
multiple times with DI water to achieve a neutral pH.  Once neutral conditions were reached, a 
0.05 µm cartridge filter was attached to the CUF and the remaining particulate matter was 
removed.  Clean water fluxes were measured and found that the original fluxes had been 
recovered.  The system was drained in preparation for filtration of the Sr/TRU precipitate.
Once again approximately 100 mL of DI water left in the CUF further diluted the archived 
AN-107 during the Sr/TRU precipitation filtration test.

The archived AN-107 sample was transferred to an Erlinmeyer flask and placed on a stir plate.
The sample was not heated to 50°C before reagent addition as originally specified in the Test 
Specification.  Small-scale test had shown higher DFs when the reagents were added at ambient 
temperature, then digested after the addition was complete.  At ambient cell temperature, 
approximately 75 mL of a 1M solution of Sr(NO3)2 was added to the archived AN-107 sample 
over the course of 5 minutes.  The original solution was dark brown, but during addition, white 
precipitate could be seen forming.  Approximately 30 minutes later 50 mL of a 1M solution of 
NaMnO4 was added to the archived AN-107 sample over the course of 4 minutes.  These 
quantities were added to produce target concentrations of 0.075M Sr and 0.05M permanganate 
in the final treated sample.  The slurry was then heated to 50°C with constant stirring and 
remained at temperature for 4 hours.  The slurry was allowed to cool overnight and then it was 
added to the CUF for filtration testing.

Six conditions were tested with the Sr/TRU precipitated, archived AN-107 sample in the CUF.
The conditions are shown in Table 2.3.  It was not possible to maintain the target flows at the 
required pressures.  This may be due to the higher viscosity associated with the Sr/TRU 
precipitate or pump stator wear.

Table 2.3.  Test Conditions Studied With Archive AN-107 Sr/TRU Solids Removal

Condition Crossflow Velocity 
(ft/s)

Transmembrane Pressure 
(psi)

1 11.2 53
2 11.8 38
3 8.1 70
4 9.1 55
5 6.4 54
6 10.0 54

During the course of testing, samples of the slurry and filtrate were taken for chemical and 
radiochemical analysis.  Slurry samples were taken before Sr(NO3)2 and NaMnO4 addition and 
after the 4 hour heating and subsequent cooling of the Sr/TRU precipitate.  Filtrate samples 
were taken during each of the 6 conditions.  Two slurry samples were also taken after Condition 
3 and at the end of the CUF testing.  Not all samples taken were analyzed.  A filtrate composite 
sample, MN-32, was made of filtrate samples taken during each test condition and analyzed.
The sample identification and analyses performed on each sample are shown in Table 2.4.
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Table 2.4.  Samples and Their Required Analyses

Sample
Description

Sample ID 
Number

Sample
Type

Sample
Preparation

Analytes

Waste after 
entrained solids 
test (initial waste)

MN-21 Slurry 0.45 um filter, 
acid digest 

Sr-90, Am-241, Na, OH-

Waste after 
Sr/TRU Removal 
Treatment

MN-22 Slurry 0.45 um filter, 
acid digest 

Sr-90, Am-241, Na, OH-

1st CUF Permeate 
Sr/TRU Solids 
Removal

MN-23 Filtrate acid digest Sr-90, Am-241, Na 

Final CUF Slurry MN-28 Slurry acid digest Sr-90, Am-241, Na 
Final CUF 
Permeate

MN-31 Filtrate acid digest Sr-90, Am-241, Na 

Composite CUF 
Permeate

MN-32 Filtrate acid digest Sr-90, Am-241, Na 

Test Instruction 29953-063 (see Appendix B) was used to conduct the Sr/TRU removal 
experiment at low reagent concentration.  This experiment was conducted on October 26, 1999, 
to prepare Sr/TRU treated waste for sulfate removal scoping tests.  Starting with 1-L of archived 
AN-107 waste, 48 mL of 50 wt% (19M) NaOH was added to give a calculated free hydroxide 
concentration of 0.8M.  A 50-mL sample of caustic adjusted waste was removed for analyses 
(MR-01 and MR-02) and density determination.  Then at ambient cell temperature, 57 mL of 1M 
Sr(NO3)2 was added with stirring over 6 min.  The solution was stirred for an additional 9 min 
before adding 34 mL of 1M NaMnO4 over 6 min.  The waste was stirred for an additional 30 
min before heating to 50°C and held there for 4 hours.  After cooling to ambient temperature, 
the treated waste was filtered through a 0.45 um dead-end filter.  The density of the filtrate was 
determined and a sample collected for analyses (MR-03).  Table 2.5 listed the samples and 
analyses required.

Table 2.5.  Samples and Their Required Analyses

Process Variable
Sample ID 
Number

Sample
Type

Sample
Preparation

Analytes

 Archived AN-107 MR-01 Slurry acid digest Sr-90, Am-241, Na

 Archived AN-107 MR-02 Slurry 0.45 um filter, 
acid digest 

Sr-90, Am-241, Na 

Treated AN-107 MR-03 Filtrate acid digest Sr-90, Am-241, Na 
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2.5 Chemical Analyses

All of the chemical analyses were conducted at Battelle.  BNFL designated the analytes of 
interest and minimum reportable quantity in the test specification (see test instructions in 
appendix).  Because the archived AN-107 sample had most of the radioactive cesium removed, 
Am-241 concentration could be determined directly by gamma energy analysis along with the Eu 
isotopes 154 and 155.  Relatively high levels of Cs-137 raise the gamma background level in the 
detector due to Compton scattering, thereby making it difficult to detect other, lower-level
gamma emitters, especially those having gamma energies below that of Cs-137.  The Sr-90
concentration was determined by chemical separation followed by beta counting.  Sodium 
concentration was determined by inductively couple plasma-atomic emission spectrometry, as 
well as the other metals listed in the test specification

The samples taken during tests in HLRF were transferred to the SAL for analytical sample 
preparation.  All of the analytical results are included in Appendix C.
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3.0 RESULTS AND DISCUSSION

The results of the testing and analyses are discussed below for entrained solids removal, Sr/TRU 
decontamination, and Sr/TRU solids removal from archived AN-107 samples.

The experimental and test conditions were defined by BNFL in Test Specification (Townson 
1998, 1999) documents, change request documents, and direct communications with BNFL 
staff.  General test plans were prepared for LAW crossflow filtration and Sr/TRU removal tests 
(TP-29953-004 and-013).  Test instructions were prepared which detailed the specifics for 
conducting and documented deviations from the test specification for conducting tests with 
archived AN-107 waste.  The test instructions were used to record the specific details of the 
tests, and are attached in Appendix A and B.

3.1 Entrained Solids Removal

The proposed pretreatment flowsheet shows entrained solids are removed from the double-shell
tank wastes as a first step pretreatment.  The entrained solids removal test was conducted with a 
caustic adjusted (1M hydroxide), archived AN-107 waste sample.  The test demonstrated that the 
entrained solids present in this waste could not easily be removed by crossflow filtration.  For 
entrained solids removal, the initial flux dropped in less than a minute to 0.023 gpm/ft2 and 
within 5 minutes had dropped to 0.0074 gpm/ft2 at 55 psi transmembrane pressure (TMP) and 
12.2 ft/s crossflow velocity.   To prevent further plugging of the filter, no further testing was 
conducted at this condition.  An attempt was made to collect sufficient filtrate to backpulse 
(clean) the filter.  Only a small quantity of material could be collected in the backpulse chamber 
and two short backpulses were performed.  A second condition was then tested at 70 psi and 
9.3 ft/s (Condition 3 of the test matrix).  In this case, after 1 min the filtrate flux was 0.0079 
gpm/ft2.  Testing was stopped at this point and entrained solids removal was determined to be 
not feasible for AN-107 waste.

The archived AN-107 sample had most of the entrained solids removed by settle/decant and 
deep bed filtration as part of the ion exchange column testing.  No visible solids remained, yet 
the sample could not be easily filtered.  This suggests fine particles or colloidal solids are 
suspended in the AN-107 sample that plug or foul the filter media.  The high axial velocity of 
liquid across the filter surface did not help filter performance, which suggests that filter cake 
build up is not an issue.  Entrained solids removal is expected to be worse for AN-107 diluted 
feed because it has approximately 1% settled solids and has not been diluted and used for ion 
exchange testing.

The archived AN-107 sample was drained from the CUF and Sr/TRU precipitation test was 
conducted on the sample containing the entrained solids.  The samples collected during the 
attempted filtration of the entrained solids were not analyzed.
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3.2 Sr/TRU Decontamination

Sr/TRU removal tests were conducted at two different target concentrations of caustic and 
reagent addition.  To prepare the waste for the filtration tests using the CUF, chemicals were 
added to give a calculated final concentration of 1M hydroxide, 0.075M Sr, and 0.05M 
permanganate.  Later as part of the sulfate removal scoping tests, Sr/TRU removal was 
determined for lower concentrations of added chemicals, 0.8M hydroxide, 0.05M Sr, and 0.03M 
permanganate.  The results from these two experiments will determine the potential to minimize 
the addition of chemicals and the resulting amount of Sr/TRU removal solids for disposal as 
high activity waste.

Multiple samples were taken during the Sr/TRU removal tests and analyzed to determine the 
change in waste composition upon treatment.   Samples were taken after various stages of 
treatment and filtration.  The radionuclide composition of the treated samples was compared 
with the initial composition to determine the extent of decontamination.  The initial waste 
composition is the composition after caustic addition and any dilution that may have occurred.
The Decontamination Factor (DF) is defined as the concentration of the component in the 
initial waste divided by the concentration after treatment, corrected by the amount of dilution 
that occurred:

DF = [A] i/([A]*MD)

where [A]i is the concentration of component A per mass in the initial sample, [A] is the 
concentration of component A per mass in the treated sample, and MD is the mass dilution, 
final mass of treated solution divided by the initial mass of solution.  The final mass is 
determined by summing up the mass of initial waste and all dilution, adjustments, and/or 
reagent additions. 

The archived AN-107 sample from the entrained solids test was used for the higher reagent 
concentration, Sr/TRU removal test.  At ambient hot-cell temperature, approximately 75 mL of 
1MSr(NO3)2 and 50 mL of 1M NaMnO4 were added to 882 mL of the caustic adjusted (1M) 
waste drained from the CUF.  The precipitated waste was digested at 50°C for 4 hours.   Table 
3.1 lists the samples analyzed, mass dilution to be used for calculating DFs, and description of 
the sample.

Table 3.1.  Samples and Mass Dilution for Calculating Decontamination Factors

Sample ID Mass Dilution Sample Description
MN-21 - initial waste, filtered and acid digested
MN-22 1.1247 treated waste before CUF tests, filtered and acid digested
MN-23 1.1247 CUF filtrate during Condition 1, acid digested
MN-31 1.1247 CUF filtrate during Condition 6, acid digested
MN-32 1.1247 Composite CUF filtrate, Conditions 1-6, acid digested
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The strontium, americium, and europium supernatant decontamination factors for samples MN-
22 through MN-32 are shown in Table 3.2.  All samples had very high decontamination for Sr 
and TRU components, greatly exceeding the requirements for ILAW.  No decontamination of 
Co-60 or Cs-137 was observed.  The concentration of Sr-90 and major TRU components for 
CUF composite filtrate, MN-32, is given to represent the expected Sr/TRU concentration of 
treated AN-107 waste.

Table 3.2.  Strontium, Am, and Eu Decontamination Factors for Samples MN-22 to MN-32 and 
the Composition of Composite CUF Filtrate (MN-32)

MN-22 MN-23 MN-31 MN-32
Target

DF
MN-32
(µCi/g)

Sr-90 23 20 21 19 10 1.82
Am-241 32 20 19 17 5 8.9E-3
Eu-154 15 11 9 9 * 2.3E-2
Eu-155 15 11 8 9 * 1.7E-2

* reduces activity of ILAW

A separate sample of archived AN-107 was used for the lower reagent concentration, Sr/TRU 
removal test.  The caustic level was adjusted by adding approximately 48 mL of 19M NaOH to 
1-L of archived AN-107.  The waste was well mixed and two samples removed.  At ambient hot-
cell temperature, approximately 57 mL of 1MSr(NO3)2 and 34 mL of 1M NaMnO4 were added 
to 1 L of the caustic adjusted (0.8M) waste.  The precipitated waste was digested at 50°C for 4
hours.  After cooling, the waste was filtered through a 0.45 um deadend filter and a sample of 
the filtrate collected.   Table 3.3 lists the samples analyzed, mass dilution to be used for 
calculating DFs, and description of the sample.

Table 3.3.  Samples and Mass Dilution for Calculating Decontamination Factors

Sample ID Mass Dilution Sample Description
MR-01 - initial waste, acid digested (entrained solids present)
MR-02 - initial waste, filtered and acid digested
MR-03 1.0929 treated waste filtrate, acid digested

Table 3.4 shows the DFs calculated based on the initial total sample (including entrained solids) 
and based on initial supernatant only for analyzed radioactive elements.  Entrained solids 
removal contributed little to the DF.  For Am-241, entrained solids account for approximately 
10% of the total.  The DFs were very high and consistent with the earlier Sr/TRU removal test 
at higher concentration.  These results suggest that the decontamination requirements for Sr and 
TRU can be met with reduced reagent concentrations.
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Table 3.4.  Radioactive Element Decontamination Factors and Composition of Filtrate (MR-03)

Total Sample 
DF

Supernatant
DF

Target
DF

Composition of 
Filtrate (uCi/g)

Sr-90 31 37 10 1.0
Am-241 18 10 5 1.3E-2
Eu-154 12 7 * 2.2E-2
Eu-155 12 7 * 1.5E-2
Total Beta 38 35 - 2.1

* reduces activity of ILAW

3.3 Change in Chemical Composition

The Sr/TRU precipitation and solids removal steps changed the chemical composition of the 
waste samples, i.e. solids and supernatant.  Table 3.5 shows the compositional change of the 
major ICP elements and density for the various samples.  The most interesting changes are for 
Fe and Mn.  Both are relatively high in the initial waste (MN-21).  On treatment, Fe removal was 
very high, and most likely correlated directly with the high removal of Am and Eu isotopes.
Manganese also decreased significantly, which suggests that soluble Mn, likely Mn(II), is oxidized 
to insoluble Mn(IV) by reaction with Mn(VII).  Calcium is precipitated on treatment while the Sr 
concentration increased because the original solution was below the saturation level for Sr, and a 
fraction of the added Sr remained soluble.  The free hydroxide, determined by titration, 
decreased very little on precipitation with Sr and permanganate, 0.03M after correction for 
dilution.  This is in contrast to the earlier proposed Fe precipitation for TRU removal, which 
consumed 3 times the added Fe concentration of hydroxide (3*0.075 = 0.225).

Sample MN-28 is the composition of the precipitated slurry, combined supernatant and 
precipitated solids.  The solids were not analyzed, but comparison of the composition of the 
slurry to the initial composition and filtrates provides an indication of the solids composition.
The solids contain primarily Sr and Mn as expected with lower amounts of Fe and Ca.
Comparing the Fe concentration in the initial waste and slurry suggests entrained solids contain 
significant Fe.
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Table 3.5.  Concentration of Major ICP Metals in Samples MN-21 to MN-32 and Sample
Density (data not corrected for sample dilution from added reagents)

MN-21
(ug/g)

MN-22
(ug/g)

MN-23
(ug/g)

MN-28
(ug/g)

MN-31
(ug/g)

MN-32
(ug/g)

Ca 227 128 130 220 129 129
Fe 445 4.36 8 687 7.56 5.82
Mn 44.1 3.785 1.13 2810 0.48 0.5
Sr 1.14 112 115 4770 171 159
Na 104000 87900 84600 85200 84200 86200

M M M M M M
Na 5.68 4.69 4.49 4.60 4.47 4.58
OH- 0.87 0.74 - - - -

g/mL g/mL g/mL g/mL g/mL g/mL
density 1.26 1.23 1.22 1.24 1.22 1.22

The lower reagent concentration test included ICP data for initial waste with and without 
entrained solids, and for the filtrate.  The concentration of the major ICP elements for these 
three samples in given in Table 3.6.  The most significant difference between the data from the 
two different concentrations of added reagents is the higher soluble Mn in sample filtrate from 
the lower treatment level.  The reason for this is not understood.

The composition of the entrained solids can be estimated by comparing the composition of 
MR-01, initial sample with entrained solids, and MR-02, initial sample filtered before analysis.
The solids are rich in Fe and Mn.  This is consistent with the data from Lumetta and Hoopes 
(1999) on washing/leaching of AN-107 solids.

Table 3.6.  Concentration of Major ICP Metals in Samples MR-01 to MR-03 (data not corrected 
for sample dilution from added reagents)

MR-01
(ug/g)

MR-02
(ug/g)

MR-03
(ug/g)

Ca 246 254 144
Cr 71.4 50.4 31.8
Fe 687 219 11.7
Mn 139 24.6 27.4
Sr 1.2 1.2 109
Na 92700 96000 104000

(g/mL) (g/mL) (g/mL)
density 1.26 1.26 1.26
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3.4 Sr/TRU Solids Removal

Removal of entrained solids from the archived AN-107 sample with crossflow filtration was not 
practical so the Sr/TRU precipitation was conducted with entrained solids present.  The 
resulting slurry, containing both entrained solids and Sr/TRU precipitate, was transferred to the 
CUF and filtration tests conducted.  Figure 3.1 shows filtrate flux data for entrained solids 
removal alone and for Sr/TRU precipitate/entrained solids removal from archived AN-107 at
target conditions of 55 psi TMP and 12.2 ft/s crossflow velocity (Condition 1).  The Sr/TRU 
removal process, precipitation with added Sr(NO3)2 and NaMnO4, dramatically improved the 
filtrate flux rate for the archive AN-107 material.  The filtrate flux was an order of magnitude 
higher for the treated waste, 0.11 gpm/ft2 averaged over 30-60 min of testing.

Figure 3.1.  Comparison of the Filtrate Flux for Entrained Solids and Sr/TRU 
Precipitate/Entrained Solids Removal from Archived AN-107 Waste at Target Conditions of 55 
psi TMP and 12.2 ft/s Crossflow Velocity

Based on these results, it appears that the Sr/TRU precipitate addition acts as a filter aid.  This is 
further illustrated when the particle size distribution measurements are compared.  The 
entrained solids and Sr/TRU precipitate samples were analyzed using the Microtrac UPA.  The 
particles size distribution of the small particles measured with this instrument are shown in 
Figure 3.2.  Results indicate that the bulk of the entrained solids are one micron and less, while 
the Sr/TRU precipitate particles are generally larger, beyond the range of the UPA instrument.
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Figure 3.2.  Volume-Weighted Particle Size Distribution Comparison Between Archive AN-107
Entrained Solids and Sr/TRU Precipitate

It is believed that during subsequent conditions (2-6), the shearing of the pump breaks apart the 
precipitated flocs resulting in smaller particles that reduce the filtrate flux.  The results averaged 
between 20 and 60 minutes of testing for each condition are shown below in Figure 3.3.  The 
results show a steady decline in filtrate flux over time.  In fact, over conditions 2 through 5, it is 
nearly a linear decrease, in spite of the changes in transmembrane pressure and axial velocity.
The pressure and velocity at the initial condition was repeated for the final condition.  During 
the 8.5 hours of run time, the filtrate flux dropped by 55%.

The transmembrane pressure and axial velocity effects can also be seen in this data set.  The 
transmembrane pressure appears to have little effect on the filtrate flux over the range from 38 
to 70 psi.  In fact, there is a decrease in filtrate flux between condition 2 (at 38 psid) and 
condition 3 (at 70 psid).  The axial velocity, on the other hand, does appear to improve filtrate 
flux as evidenced by the increase in filtrate flux between condition 5 and condition 6.  The 
reduction in filtrate flux for condition 3 compared to condition 2 may be largely due to the 
decreased axial velocity, not the increase in pressure.
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Figure 3.3.  Average Filtrate Flux for Conditions Tested With the Archived AN-107 Sr/TRU 
Precipitate

In the full-scale process, the material will not continuously run through the pump to the extent 
seen in these liter-scale tests and thus filtrate fluxes may remain high at the other conditions.
Thus, the time effect observed here may not significantly impact design.  To remove the time 
dependency, statistical analysis is required.  Non-linear regression was used to develop an 
equation describing flux as a function of time, axial velocity and transmembrane pressure.  By 
minimizing the residual error, the following equation was developed:

where flux is the filtrate flux in gpm/ft2, time is hours from the start testing, velocity is the 
crossflow velocity in ft/s and pressure is the transmembrane pressure in psi.  The time 
dependence is assumed to be exponential decay while the velocity and pressure dependence are 
assumed to be linear.  Using this equation, it can be seen that both pressure and velocity
increases result in improved filtrate flux.  Crossflow velocity has a higher impact on filtrate flux 
over the conditions studied.  Total filtration time is the dominant factor in predicting filtrate 
flux.

The cause of this reduction in filtrate flux over time may be the result of filter fouling.  After 
cleaning the filter with DI water following the run, the filtrate flux was still significantly less than 
its original value.  This is evidence of filter fouling.  Furthermore, there is evidence that the 
particle size may have been reduced during the course of the run.  These fines may become 
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lodged inside the filter and result in the reduction of filtrate flux.  Particle size distribution was 
performed using a Microtrac UPA with the Sr/TRU precipitate taken after CUF filtration.
These samples were analyzed with and without sonication.  By sonicating the sample, the effects 
of shear, similar to that seen in the pump can be evaluated.  A plot of the sample PSD before 
and after sonication is shown in Figure 3.4.  The plot shows a reduction in particle size on 
sonication over the range evaluated.  Particles below 0.1 um particle size were found.

Figure 3.4.  Particle Size Distribution Comparison of Archive AN-107 Sr/TRU Precipitate With 
and Without Sonication
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Archived AN-107 waste was used to evaluate entrained solids removal, Sr/TRU 
decontamination of supernatant, and Sr/TRU solids removal.  Even though most of the 
entrained solids had been previously removed from the archived sample, the residual entrained 
solids rapidly fouled the filter element resulting in very poor filter performance.  An attempt to 
run at higher pressure resulted in more fouling, and reduced filter performance.  Filtration 
efforts to remove entrained solids were abandoned and the waste was treated for Sr/TRU 
removal with the entrained solids present.

The new processing scheme for Sr/TRU removal involving precipitation by added strontium 
and permanganate worked well.  The decontamination factors for Sr and TRU components were 
significantly greater that the ILAW DF requirements for higher reagent concentrations of 1M 
hydroxide, 0.075M Sr, and 0.05M permanganate and lower reagent concentrations of 0.8M 
hydroxide, 0.05M Sr, and 0.03M permanganate.  These results support the use of lower 
concentration of reagent additions in future tests.  Optimization studies should be conducted to 
examine the reduction in added hydroxide from 1M to 0.5 M, reduction of Sr from 0.075M to 
0.05M, and reduction in permanganate from 0.05M to 0.03M and the impact this reduction has 
on filtration performance with new samples from Tank AN-107.

The combined entrained solids and Sr/TRU precipitate were successfully filtered in the single 
element, crossflow filtration unit.  The filtrate flux was high, >0.1 gpm/ft2, at the initial test 
conditions of 53 psi and 11.2 ft/s for the treated archived AN-107 sample.  The filter flux rate 
dropped significantly with time as testing progressed and appears to be a result of shearing the 
agglomerated solids and fouling of the filter element by the resulting fine particles.  The 
relatively low clean water flux rates obtained at the end of the test also indicate filter fouling.
Chemical cleaning was required to restore clean water flux rates to pre-test levels.  The filter 
performance as a function of wt% solids could not be determined in this study because the 
treated waste volume was close to the minimum CUF volume and no dewatering could occur.
Additional filtration tests need to be conducted to determine the filtrate flux as a function of 
wt% solids.  Solids washing in the CUF also needs to be conducted to determine filtrate flux rate 
as a function of solids loading during washing. 
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Appendix A:  Test Instruction-041, Data Sheets, and Log 
Book Entries

Scoping Studies: Entrained Solids Removal, Permanganate Treatment for 
Sr/TRU Removal, and Precipitate Removal from Archived AN-107

Data Sheets

Log Book Entries



Appendix B:  Test Instruction-063 and Log Book Entries

Sr/TRU Removal from Archived AN-107 with Minimal Reagent Addition

Log Book Entries



Appendix C:  Analytical Data
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Staff Member Role/Responsibility

Richard Hallen Scientist/Technical Leader - Sr/TRU Precipitation

Kriston Brooks Engineer/CUF System, Entrained Solids Removal, Sr/TRU 
Precipitation, and Precipitate Removal

Lynette Jagoda Engineer Associate/CUF System, Entrained Solids Removal, 
Sr/TRU Precipitation, and Precipitate Removal

Gita Golcar Scientist/Particle Size Analyses

Don Rinehart Technician/Hot Cell Tests-Sr/TRU PPT/CUF Operation

Ralph Lettau Technician/Hot Cell Tests-Sr/TRU PPT/CUF Operation

Dave Ortiz Technician/Hot Cell CUF Operation and Cleaning

Vaughn Hoopes Technician/Hot Cell sample prep.

Mac Zumhoff Technician/Hot Cell Operations
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